Highlights:
eluents were finally checked for pH=8.5-9.0 and then concentrated using a rotary evaporator 146 under vacuum. The dried RCOO -K + salts were derivatized in acetonitrile (4 ml) with (Agilent GC7890A and 5975C MSD, Agilent, USA). The mass spectra of p-bromophenacyl 155 esters of monoacids are presented in Kawamura and Kaplan (1984) .
156
The OH functional groups in p-bromophenacyl esters of organic acids were further GC/MS. We determined hydroxymonocarboxylic acids including lactic and glycolic acids.
161
Details of the methods have been described in Kawamura et al. (2012) .
162
A mixture of organic acids was prepared in our laboratory from the authentic 163 standards: C 1 -C 7 and iC 4 -iC 6 (10 mM in water, assay 98%, Sigma-Aldrich), lactic acid (assay 164 >85%, Wako), glycolic acid (assay 97%, Wako), and benzoic acid (assay 99%, Tokyo
165
Chemical Industry Co.). To check the recoveries of organic acids during the analytical 166 procedures, authentic monoacid standards (C 1 -C 10 , benzoic, lactic, and glycolic acids) were 167 spiked to KOH-impregnated quartz filters and the filters were analysed as a real sample. The 168 results showed that the recoveries were more than 80%. Analytical errors using authentic 169 standards were within 12%. Detection limits of organic acids in our analytical method were 170 ca. 0.02 ng m -3 . Filed blank filters were prepared by the same sampling procedures without 171 pumping air. We found that blank levels of monoacids were less than ~5% of those of 172 ambient samples in both gaseous and particulate phases. In addition, we analyzed laboratory 173 blanks for monoacids, in which the same analytical protocols were used. The blank levels
174
were less than ~5% of those of ambient samples. The concentrations reported here are 175 corrected against the field and laboratory blanks, but not corrected for the recoveries.
during sampling and be collected on the second filter (KOH-impregnated). Thus, particulate 178 organic acids could be underestimated and gaseous organic acids could be overestimated.
179
However, we believe that evaporative loss should be minimal based on the experimental 180 results from Los Angeles (Kawamura et al., 1985 (Kawamura et al., , 2000 . Samplings of total suspended 181 particles over the Mt. Tai and Los Angeles were conducted by the same sampling system.
182
Particle phase (TSP) concentrations of organic acids from Mt. Tai (C 1 : 1410 ng m -3 , C 2 : 1120 183 ng m -3 ) are higher than those (C 1 : 163 ng m -3 , C 2 : 120 ng m -3 ) from Los Angeles (Kawamura et al., 2000) . Particulate organic acids collected on a neutral quartz filter (first stage) have 185 been reported to be less than ~17% of total (gas + particulate) organic acids in Los Angeles
186
( Kawamura et al., 1985) . We found that particulate monoacids are sometimes more abundant 187 than gaseous monoacids in this study, which may be in part associated with lower ambient air 188 temperature on the top of Mt. Tai (12-20 °C, average 16°C) than in Los Angeles (summer)
189
and other parameters as discussed later.
190 Keene et al. (1989) showed that alkaline (NaOH) impregnated filter with glycerol and acetic acids in gas phase may be overestimated in the previous studies where glycerol 193 was used because glycerol may be reacted with oxidants to result in formic and acetic acids.
194
However, we did not use glycerol in this study. Gaseous monoacids may be subjected to 195 atmospheric titration by alkaline dust particles (Ca, Na, K and Mg) in the atmosphere.
196
Organic acids in aerosols may exist in the form of salts such as RCOOK, RCOONa, and observed from the satellite over the NCP from 2 to 4 June, especially, in the south of Mt. Tai.
234
The field burning declined during 23-25 June with a shift of the hot spot areas to the north hydroxy acids (lactic: Lac, and glycolic: Glyco), and aromatic (benzoic: Benz) acids in both gas and particle phases. Figure 4 shows average molecular compositions of detected LMW 256 monoacids in the MFB and LFB periods. Acetic acid was the dominant species in gas phase 257 in the MFB (61%) and LFB (41%) periods, followed by formic acid (MFB: 24%, LFB: 29%)
258
and lactic acid (MFB: 5%, LFB: 14%). In particle phase, formic acid was the dominant 259 species in the MFB (34%) and LFB (31%) periods, followed by acetic acid (MFB: 27%,
260
LFB: 27%) and lactic acid (MFB: 22%, LFB: 23%). In addition, isopentanoic acid in particle 261 phase was the fourth most abundant monoacid in the MFB (8%) and LFB (7%) periods.
262
Nonanoic acid (C 9 ) is the fifth most abundant monoacid in both gas-and particle-phases,
263
showing a peak in the range of C 5 -C 10 monoacids during the MFB and LFB periods (Table 1 ).
264
C 9 is an oxidation product of oleic acid (C 18:1 ) containing a double bond at C-9 position
265
(Kawamura and Gagosian, 1987). period than the LFB period. The particle-phase concentrations of formic and acetic acids 271 during the MFB period are slightly higher than those during the LFB period. We found that 272 particle-phase formic and acetic acids were less abundant in the morning and nighttime hours 273 but maximized around noontime or in the afternoon. Two peaks of isopentanoic (iC 5 ) and 274 lactic (Lac) acids in particle-phase were observed at 6:00-9:00 on 3 June and 9:00-12:00 on 275 4 June when the field burning of agricultural wastes increased (Figure 2a ). However, these 276 acids did not show any diurnal trend in both gas and particle phases.
277
Concentrations of total monoacids in gas-phase ranged from 1530 to 12,100 ng m during the LFB period, whereas those in particle-phase were 4120 ng m -3 during the MFB and 2850 ng m -3 during the LFB period. Overall, gas-phase concentrations of total monoacids 282 are higher than those of particle phase in both MFB and LFB periods. gaseous lactic acid and isopentanoic acid (iC 5 ).
291
The particle-phase fractions (F p ) of each organic acid were calculated as
, where P is the particle-phase concentration and G is the gas phase concentration.
293
Figure 5 shows temporal variations in the F p of major monoacids. F p of acetic (C 2 ) and 294 propionic (C 3 ) acids are slightly lower during the MFB period (3-5 June) than other period.
295
The F p for other LMW monocarboxylic acids over Mt. Tai did not show any clear temporal 296 or diurnal variations. 2015), and oil and gas fields from Utah (Yuan et al., 2015) . The concentrations of formic and 377 Khan et al. (1995) reported that ambient temperature and relative humidity (RH) are 378 important factors to determine the gas-particle partitioning of organic acids. atmospheric transport over Mt. Tai, which need further study to be clarified in the future.
Primary and secondary sources of formic and acetic acid 412
Formic acid (C 1 ) is largely derived from secondary sources (Khwaja et al., 1995, 413 Pommier et al., 2016), whereas acetic acid (C 2 ) is largely emitted from primary sources 414 (Kawamura et al., 1985 (Kawamura et al., , 2000 . The ratio of C 1 /C 2 in particle phase is an indicator for primary 
431
CO is an excellent tracer of primary combustion product. To evaluate the primary 432 and secondary sources of formic and acetic acids during the MFB and LFB periods, we 433 examined the relationship between formic acid or acetic acid and CO as shown in Figure 8 .
434
Concentrations of particulate acetic acid in daytime were found to increase linearly with CO 
438
However, concentrations of gaseous formic acid during the MFB and LFB periods and 439 particulate formic acid during the LFB period did not correlate with CO (r < 0.39). These 440 correlation analyses suggest that emissions of acetic acid in both particle and gas phases over
441
Mt. Tai are enhanced with an increase in the intensity of biomass burning during the MFB 442 periods.
443
In addition, the slopes of regression lines drawn for acetic acid in gas-and 444 particle-phases and CO are different between the MFB and LBF periods. In particle-phase,
445
higher ratio of acetic acid/CO (0.003) was obtained during the MFB period, whereas lower 446 ratio (0.001) was obtained during the LFB period. In gas-phase, higher ratio of acetic acid/CO 447 (0.006) was obtained during the MFB period, whereas lower ratio (0.001) was obtained surroundings of North China. These results again suggest that abundant gas-and 460 particle-phase acetic acid is directly emitted from the field burning of agricultural wastes. (Figure 9 ). Ratios of C 2 to total MCA in both gas-and portion of lactic and isopentanoic acids were directly derived from the terrestrial ecosystem.
491
Microbial productivity involved with lactic and isopentanoic acids should widely exist in the 492 terrestrial ecosystems in China. Hence, we conclude that these LMW monoacids are mainly 493 derived from microbial sources.
494
Average particle phase concentration of lactic acid (789 ng m -3 ) is one order of 
Summary and conclusions

511
Gaseous (G) and particulate (P) low molecular weight (LMW) monocarboxylic acids,
512
including normal (C 1 -C 10 ), branched (iC 4 -iC 6 ), hydroxyl (lactic and glycolic), and aromatic
513
(benzoic) structures, were detected in the ambient air samples collected at the summit of Mt.
gaseous species whereas formic acid was the most abundant particulate species. Significantly Kanaya, Y., Pochanart, P., Liu, Y., Li, J., Tanimoto, H., Kato, S., Suthawaree, J., Inomata, S., 
